In low-frequency seismic spectra the Coriolis force theoretically causes quasi-degenerate coupling of spheroidal and toroidal modes whose spherical harmonic degrees differ by unity and whose frequencies are close. It has been found that the coupling causes clearly observable effects on seismic spectra below 3.0 mHz. Many fundamental toroidal modes have a spheroidal component and vice versa. For example, the 0St• modes for If = 8-22 are significantly coupled to the 0Tt• modes for If = 9-23. The mean frequencies of pairs of coupled multiplets are repelled, and the mean attenuations are averaged. The shifting of complex frequencies must be adequately encompassed in the construction of spherically averaged and aspherical models of the density and elastic and anelastic structure of the earth. The coupling also causes variations in multiplet amplitudes which result in spectral peaks at toroidal mode frequencies on vertical and radial components and at spheroidal mode frequencies on transverse components. The variations must be taken into account in constructing Green's functions for the study of low-frequency source mechanisms.
cedures. The bonus of a more general procedure is that we can predict perturbations in apparent multiplet attenuation rates for comparison with measurements of average attenuation.
In the Galerkin procedure [Kantorovich and Krylov, 1958; Mikhlin, 1964; Finlayson, 1972; Marchuk, 1975 where to represents the eigenfrequency to be determined.
In ( 
at the expense of doubling its size. At frequencies below about 0.5 mHz, modes with relatively very different frequencies couple strongly, and the form (9) must be used.
Such strong coupling is found to exist for •S•, 0S• and the
Chandler wobble (primarily 0T1 in shape) [Smith and Dahlen, 1981] , for example. However, in the present paper the observations of interest lie above 1 mHz, and the dominant coupling is confined to frequency differences about the same order of magnitude as the rotation rate (11.606/xHz). Thus we can apply (8) to narrow frequency bands. We have found that we can evaluate ( Our calculations show that Coriolis coupling is the dominant effect. Our approach, via an integral equation, can be applied to a greater band of frequencies than can the first-order perturbation approach [Luh, 1973 [Luh, , 1974 .
Furthermore, the vital effect of attenuation is included in our calculations following the formulation of Woodhouse [19801. To see why Coriolis coupling is dominant, we offer the following hueristic argument. Consider the W matrix in 
If Re(cot)> Re(cos), the sign of r will be negative. Equation ( [1982] asphericity.
The overlap in singlet attenuation rates of the two hybrid multiplets is due to spheroidal-dominant singlets in the 0Ts•2 multiplet and toroidal-dominant singlets in the ters and Gilbert [1983] realized that the data for angular orders 11, 18, and 19 were biased by coupling effects and were not pure spheroidal mode attenuation measurements. They did not realize that all the measurements for f = 10-21 are significantly biased, and this led to a model with a lower mantle which is too highly attenuating. Further modeling of high-quality attenuation measurements must incorporate the coupling effects, and a preliminary result is presented in the appendix.
The same point is also true for the frequency data. The patern of frequency shifts in Figure 6 was first noted by Silver and Jordan [1981] and is present in the data used to construct current earth models. These data obviously cannot be regarded as belonging to pure spheroidal modes, and their errors are now sufficiently small that a bias of 10 or more standard deviations could result if mode coupling effects were not considered.
In summary, we believe that these results demonstrate the importance of considering mode coupling when con- We have investigated the effect of varying the source parameters and illustrate some of the results in Figure 9 . Figure 9a shows the effect of a strike-slip source located at 10-kin depth with a northerly strike and a vertical fault plane. The toroidal modes are better excited relative to the spheroidal modes for this kind of source; consequently, the Ts modes are more pronounced. The coupling calculation includes the effects due to rotation and ellipticity. The differences between the coupled and uncoupled spectra are again quite pronounced over the whole frequency interval. Figure 9b gives a comparison for a deep thrust event located at 600-kin depth. The coupling calculation includes only the effects due to rotation and ellipticity. We had expected the differences between the coupled and uncoupled spectra to be less for deep earthquakes as the toroidal excitations are very small. This is not the case, and the coupling again gives Ts modes and strong variations in the amplitudes of the St modes.
If we inspect vertical component spectra of earthquakes which are rich in low-frequency toroidal mode energy, the synthetic calculations suggest that the Ts modes should be clearly visible. The station geometry used in these examples is that of an event which occurred on May 25, 1981. In summary, the frequency repulsion, attenuation averaging, and amplitude variation in the hybrid multiplets are observed features that must be taken into account in studies of models of density, elastic structure, and anelastic structure and in studies of earthquake source mechanisms. The computational problem at low frequencies is made more complicated by multiplet coupling but leads to a more refined analysis of the complex frequency data and complex amplitude data. That strong coupling is very sensitive to structure is a severity that must be overcome in the analysis. In the long run it may prove to be a blessing in disguise because Using the adjusted dataset, we have derived the model listed in Table A1 . The details of the inversion procedure are given by Masters and Gilbert [1983] . We regard the model in Table A1 to be an interim model, derived primarily to provide a better fit to the observed data with coupling effects modelled according to (A1). Eventually, we should be able to model the observed attenuation of individual singlets, and the expedient of using (A1) can be surpassed. The new 0S• dataset is given in Table A2 .
